INTRODUCTION
Human Papillomaviruses (HPV) are small virus with nonenveloped double-stranded circular DNA responsible for *Corresponding author. E-mail: ablocito@gmail.com.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License genital warts papillomas, precancerous lesions and cancers (cervix, vulva) (zur Hausen H, 2009 ).Cytology has now become the most widely used for invasive cervical cancer screening method in the world. Cytologybased invasive cervical cancer screening programs initiated in many industrialized countries in decades have resulted in a decrease in the incidence and mortality associated with cancer in these populations (Adami et al., 1994; Miller et al., 1990) . There are many limitations to cytological screening of cervical invasive cancers in resource-limited settings. The technique is relatively expensive and requires trained pathologists and technicians. As a result, the diagnostic performance (sensitivity and specificity) and the reproducibility of cytology evaluated under real conditions proved to be poor in a number of resourceconstrained countries (Cervical cancer project, 1999; Arbyn et al., 2008; Lazcano et al., 1997) . All of these limitations may explain the failure to organize cytologybased organized cervical screening in a context of limited resources (Sankaranarayanan et al., 2001; Miller et al., 2003) .
Many of these countries do not have the laboratories and resources to consider organized cytology-based screening in the general population. Alternative and adapted solutions have been developed such as visual inspection methods with application of dyes such as acetic acid (IVA) and Lugol (IVL).
These methods rely on direct visualization of the cervix during a gynecological examination of the speculum. The IVA consists of applying a solution of acetic acid titrated between 4 and 5% with an impregnated cotton. The application of acetic acid to a healthy neck causes only a slight coagulation in the superficial cellular layer, because the cellular activity is weak.
Cote d'Ivoire has a population of 6.37 million women ages 15 years and older who are at risk of developing cervical cancer. Current estimates indicate that every year 1346 women are diagnosed with cervical cancer and 866 die from the disease. Cervical cancer ranks as the 2nd most frequent cancer among women in Cote d'Ivoire and the 2nd most frequent cancer among women between 15 and 44 years of age. Data is not yet available on the HPV burden in the general population of Cote d'Ivoire.
However, in Western Africa, the region Cote d'Ivoire, about 4.3% of women in the general population are estimated to harbor cervical HPV-16/18 infection at a given time, and 56.7% of invasive cervical cancers are attributed to HPVs 16 or 18 (Globocan cancer fact sheets, 2012; GLOBOCAN, 2008) . In the country, IVA strategy is just been introduced but virological screening is not widely available. The aim of this work was to investigate the presence of HPV DNA in the genital secretions of women consulting for screening for precancerous lesions of the cervix by the visual inspection technique with acetic acid and Lugol solute (Jaquet et al., 2010; .
METHODOLOGY

Patient recruitment
This study was carried out at the Gynecology Department of Abobo South General Hospital in the North of Abidjan in which concerned women of age and volunteers who were attending precancerous lesions screening by visual inspection by acetic acid from March to December 2015 were recruited. After women's consent, they were administered a questionnaire assessing socio-demographic characteristics and sexual habits that is, age, lifetime number of sexual partners, date of first sex, sex habits, parity and number of pregnancies, place of living and tobacco use. For each women included for this study, visual inspection by acetic acid (VIA) and iodine of Lugol (IVL) is done and samples for HPV DNA detection by PCR were taken.
Visual inspection by acetic acid (VIA) and iodine of Lugol (IVL)
During visual inspection, the woman is placed in a gynecological position and non-lubricated speculum is placed to make visible the cervix with the aid of an ordinary light. Before applying acetic acid, samples are taken in the cervix and vagina and stored in virus medium transport (VTM).
The samples were stored at -20°C and then at -80°C at the biobank of Pasteur Institute of Cote d'Ivoire before using for the PCR. Then a solution of glacial acetic acid diluted to 3 to 5% was used, though it is preferred to use a 5% dilute acetic acid solution because acid bleaching (acidophilic reaction) appears more rapidly and more clearly than with a 3 to 4% solution. In some cases white table vinegar was used, also, it should be known that this usually contains 5% acetic acid Globocan Cancer Fact sheets, 2012) .
The acetic acid neck is generously washed with a cotton pad; with care the surface of the entire neck, including the external orifice is covered. Dabbing the cervix several times with a cotton pad or other sufficiently wide applicator promotes coagulation and mucus removal, which in turn facilitates the penetration of acetic acid into the epithelium. This step requires patience because the bleaching reaction with the acid develops gradually in the space of 60 s and disappears soon after. It may therefore be necessary to repeat the application of acetic acid every 2 to 3 min for the duration of the examination. The appearance or not of the bleaching was noted.
The procedure is the same for Lugol solute. The normal epithelium (original or mature metaplastic) contains glycogen stocks which are the source of the brown mahogany or almost black coloration that appears when applying an iodinated solution such as Lugol's solution. On the other hand, the cylindrical epithelium, which does not contain glycogen, does not take iodine staining. It is iodonegative. In the same way, immature metaplastic squamous epithelium, the epithelium of inflammatory or regenerative zones, and the congenital remodeling zone, contain very little or almost no glycogen, and therefore do not take iodine color if only very partially. Thus, there is a range of staining ranging from the partial brown mahogany to the mustard yellow color, which reflects the range of CIN lesions Globocan Cancer Fact sheets, 2012) 
PCR detection of HPV
The PCR detection of HPV was performed at molecular biology plate forms of Pasteur Institute of Côte d'Ivoire. PCR detection of HPV was performed according to the procedure of Ausubel et al. (1999) in which this procedure is based on the chloroform phenol extraction method which consists of treating the cell lysate (obtained after enzymatic digestion with proteinase K) with a mixture of phenol/chloroform/isoamyl alcohol. Phenol is a deproteinizing agent that the nucleic acids are not soluble and also chloroform is capable of causing protein denaturation. The antifoaming activity of isoamyl alcohol will promote the separation of the deproteinized aqueous phase. Recovery of the genomic DNA is achieved following precipitation steps with ethanol and centrifugation steps.
HPV DNA extraction protocol
Endo-cervical cell samples of 500 μL were centrifuged at 14000 rpm for 15 min. The pellet (endocervical cells) obtained after centrifugation is subjected to lysis at 65°C for 1 h by adding 400 μL of cell lysis buffer (200 μL of Tris-HCl pH 8 (0.1 M), 0.8 ΜL of EDTA (0.5 M), 20 μL of SDS (10%), 1.5 μL of RNAse (4 mg / mL) and 10 μL of proteinase K (10 mg / mL). After enzymatic digestion, the mixture was centrifuged at 14000 rpm for 5 min, then later, two volumes of phenol / chloroform / isoamyl alcohol (25/24/1) was added to the lysate. The mixture thus obtained was stirred for 2 min in a vortex and then centrifuged for 5 min at 12000 rpm. The DNA contained in the aqueous phase was supplemented with two volumes of absolute ethanol, 1/10 volume of 3 M NaCl, precipitated at -20°C overnight and then centrifuged for 10 min at 14000 rpm. The pellet obtained was washed in 500 μL of 70% ethanol at 14000 rpm for 10 min. The precipitate containing the viral DNA is dried with DNA SpeedVac and taken up in 60 μL of elution buffer. The DNA extract was subsequently stored at -20°C for further use or at 4°C for immediate use.
HPV detection by PGMY11/09 PCR
Consensus primers (primarily targeting the HPV L1 region) were used to detect the viral presence. The PCR was carried out in a reaction medium of 50 μL containing 5 μL of 5X colored buffer, 5 μL of uncoloured 5 × buffer, 3 μL of MgCl2 (25 mM), 0.5 μL of dNTPs (10 μm), 1 μL of each primer (10 μM), 0.4 μL of GoTaq polymerase and 10 μL of DNA. The DNA was amplified in a thermal cycler under the following conditions: initial denaturation at 94°C for 5 min, denaturation at 94°C for 30 s, hybridization at 53°C for 30 s (35 cycles), elongation at 72°C for 30 s, final elongation at 72°C for 7 min. For each serial of cases tested, a negative control containing no matrix DNA was carried out in parallel in order to check the absence of any contamination of the reagents used. A positive control is also tested in parallel with each set of cases. The consensus primers used for HPV detection targeting the conserved L1 region and producing 450 bp amplicons (Gravitt et al., 2000) are: Sequence (5 '3') of the forward primer PGMY11 A: GCACAGGGACATAACAATGG; Sequence (5 '3') of the reverse primer PGMY09 F: CGTCCCAAAGGAAACTGATC (Figure 1 ).
Separation of DNA fragments by agarose gel electrophoresis
The electrophoresis apparatus was formed of a Plexiglas plate placed horizontally on a flat support. A comb for forming the wells is aligned parallel to the top of the plate. The assembly is connected by electrodes to a current generator. Agarose was prepared at a concentration of 1.5% with 1X TBE buffer. The cooled microwavefused agarose solution was added with 10 μL of BET. The solution was then poured onto the plate. After curing the gel, the comb was removed and the cured gel coated with 1 × 15 μL TBE buffer of each DNA sample was deposited in each well. In parallel with the Abdoulaye et al. 9
samples, a molecular weight marker is deposited in a well. The migration lasts 20 to 35 min and is carried out under a voltage of 110V.
HPV genotyping
A method of HPV genotyping by designing seven type-specific primer sets that allow the amplification of strictly conserved regions of L1 gene in order to identify the HPV genotypes 16, 18, 45, 35, 33, 51 , and 31 with the use of human β-actin gene as internal control was used. The method was established by designing nine type-specific primer sets that target conserved regions of the L1 gene (Tsakiogiannis et al., 2012) (Figure 2 ). In the present study, method of HPV genotyping was developed by designing nine type-specific primer sets that allow the amplification of strictly conserved regions of L1 gene in order to identify the HPV genotypes 16, 18, 31, 33, 35, 45, and 5 with the use of the human β-actin gene as internal control. In particular, two distinct primer mixtures were arranged, each containing three L1 type-specific primer sets (Table 1) . Moreover, the primer set bactinF/b-actinR, which allows the amplification of the human β-actin gene was included in each multiplex PCR primer mixture as an internal control. Specifically, primer mixture I contained primers specific for HPV 16, 31 and 33; primer mixture II contained primers specific for HPV 18, 35, 45 and 51.
Each multiplex PCR primer mixture contained 1 μL of each L1 type-specific primer set and 1 μmol of the primer pair b-actinF/bactinR. Each multiplex PCR assay was performed in a final volume of 50 μL, containing 40 μL of the corresponding multiplex PCR primer mixture, 5 µl Buffer A, 2 mm MgCl2, 1.2 mm dNTPs and 0.5 U of thermostable DNA polymerase. PCR cycling conditions were as follows: an initial denaturation step at 95°C for 2 min and then 40 cycles of 95°C for 30 s, 58°C for 50 sand 72°C for 10 s. The PCR reaction ended with a 1 min incubation step at 72°C.
RESULTS
The general characteristics of the study population are; the minimum age is 18 years and the maximum age is 64 years with an average age of 34 years. At the matrimonial level, the population consisted of 31.9% single women, 1.5% divorced women, 59.7% married women, 3.7% common-law women and 3.3% widowed women in which majority of the population came from the city of Abidjan and in particular from the quarter of Abobo at 65.2% and that of Cocody at 19.8%.
The population was educated at 66.3% with 21.6% at the primary and secondary level and 23.1% at the higher level respectively. At the professional level, the population is made up of partly liberal women (69.7%) followed by female employees (19.3%) and finally students (10.9%) in which 87.4% of women are below five pregnancies and 12.6% above five pregnancies also about 77.12% of women have below five children and 22.88% above five children and 84.4% of the population does not use oral contraceptives.
Among those using contraceptives, 13.2% used the intrauterine device IUD, 28.3% used injections and 58.5% used oral contraceptives in which 1.2% of the population consumed tobacco, 51.8% of the population used condoms in their lives compared with 48.2% who never Tsakogiannis (2015) Βeta globine GH20 PCO4
5'GAA GAG GCA AGG ACAGGTAC3' 5'CAA CTT CAT CCA CGT TCA CC3' 268
Tsakogiannis (2015) Figure 1. (Tables 2 to 4) . Of the 339 women who agreed to participate to this study, 6.2% were positive at visual inspection with acetic acid and Lugol. HPV DNA was obtained in 33 (9.37%) of the population and a total of 31 (93.93%) specimens harboring HPV DNA were genotypes using multiplex PCR versus 14.3%, which were not genotyped usingHPV 16, 18, 31, 33, 35, 45 specificity 95.45%. Among the samples, only 3 (0.81%) were both positive to the two techniques used. By using PCR as gold standard, VIA sensitivity was 16.12% and specificity 95.45% (Table 5) .
DISCUSSION
The aim of this work was to determine the presence of Papillomavirus DNA in the genital samples of women who were consulted for cervical cancer screening using the Visual Inspection with Acetic Acid or Lugol iodide. This work permits us to find the rate of 6.2% of women carrying precancerous lesions by visual inspection by acetic acid. This rate is substantially equal to that of Jacquet et al. (2010) and lowers than that of Horo et al. (2012) , with both studies realized in Cote d'Ivoire. The difference of prevalence with that obtained by Horo et al. (2012) could be explained by several facts. Firstly Horo et al. (2012) worked on a fairly large workforce of 2998 people versus 339 in this study. In addition, Horo et al. (2012) have worked on a population of HIV-infected women and therefore when it is known that HIV infection is a factor in the development of cervical cancer. Elsewhere in Africa, notably in Mali west Africa, Teguete et al. (2012) and Moussavou et al. (2016) in a similar study in Gabon found in Central Africa have found a high prevalence of precancerous lesions by VIA but in Tanzania, Ngoma et al. (2010) found a lower prevalence of precancerous lesions.
This study found the presence of Papillomavirus DNA in 9.37% of the population. This rate is higher than the presence of precancerous lesions observed in the same study. This difference of frequency would originate in the execution of the tests themselves. Indeed visual inspection in its design is a visual examination and depends in part on the one who does this analysis and therefore it requires a fairly high level of training for a better interpretation of the results mainly as a function of the density of the whiteness . However, the high prevalence of the presence of HPV DNA could be explained by the fact that, unlike the visual inspection with acid, the virus may be present in women but may not yet initiate its carcinogenesis in which case it cannot be seen by the VIA.
Nevertheless, this prevalence of Papillomavirus remains low compared to that obtained by a study done in the same country (Jaquet et al., 2010) . This must be added to the fact that the transport medium used for samples containing 0.5% phenol red, tryptose-phosphate, and an association of antibiotics (penicillin, streptomycin and gentamycin), would have increased the survival of Papillomaviruses. For this study the medium was simply virus medium transport (VTM).
A total of 31 (93.93%) specimens harboring HPV DNA were genotypes using multiplex PCR versus 14.3%, which were not genotyped using HPV 16, 18, 31, 33, 35, 45 and 51 by multiplex PCR. These 30 strains permit us to identify 60 strains of HPV on whom we have 28.57% with single infection while 71.43% with a multiple infection. Among the multiple infection, 55% had double HPV infection, 40% had triple HPV infection and 5% had four HPV infections. HPV genotypes prevalence were the following: HPV 16 (30.0%), HPV 18 (25.0%), HPV35 (20.0%), HPV 45 (20.0%), HPV 51 (3.3%) and HPV 33 (1.6%). No case of HPV genotype 31 was found.
Our results demonstrate a large burden of HPV among our study population with a notably high prevalence of multiple concurrent infections. Several multiple concurrent HPV infections has been reported by numerous studies in particular to Cote d'Ivoire (Jaquet et al., 2010) , Benin (Piras et al., 2011) , Gabon (Moussavou et al., 2016) and Greece but with rates slightly lower than that obtained in our study. The prevalence of HPV genotypes obtained in our study have also been found by numerous authors in Cote d'Ivoire (Jaquet et al., 2010) , within chronological order who obtained HPV 35, HPV 16 and HPV 18.
In Nigeria, Okolo et al. (2010) demonstrated the presence of HPV 35 followed by HPV 16 and HPV 18. On the other hand, Piras et al. (2011) have identified the rate of 33.2% prevalence of HPV with a presence of HPV 59 followed by HPV 35 and finally HPV 16, HPV 18 and HPV 58 as the most predominant in the female population in Benin (Piras et al., 2011) . At least Moussavou et al. (2016) isolated HPV 16 followed by HPV 18 and HPV 33 in Gabonese women. However, the most worldwide commonly detected types in Invasive Cervical Cancer were HPV 16 and HPV 18.
These data on HPV type epidemiology of HPV infection in this area are very similar to those in Benin, Nigeria and Burkina Faso (Djigma et al., 2011) . The prevalence of HPV genotypes in cervical cytological samples varies greatly in different geographical regions (Piras et al., 2011) . HPV-16 is the most common type of HPV-18 in Europe, Central and South America, HPV-52 and HPV-58 in Asia, HPV-53 and HPV-52 in North America, while HPV-31 and HPV-35 in Nigeria (Okolo et al., 2010) .
In Burkina Faso, HPV-52, -35 and -58 were detected as the most prevalent types in high-risk women, as observed in other African studies (Djigma et al., 2011) . These differences in the pattern of HPV type distribution in countries and regions may be related to different sexual habits and migrations of people (Piras et al., 2011) .
The low sensitivity for HPV positivity suggests that VIA will have little impact on cervical cancer incidence and mortality in the country. Therefore, the actors involved in the screening of precancerous lesions would like to undergo continuous training or retraining on this technique which seems simple and better adapted in a poor country like Cote d'Ivoire. It would be interesting to couple each screening by the IVA / L to a HPV DNA screening by PCR.
Limitations
The main limitation of this study was the small number of women included thus limits the generalization of our data to the whole Ivoirians populations. Then, all positive samples were not confirmed cytologicaly. The DNA extraction was done by the method of phenol chloroform and this kind of methods deemed too long have been abandoned in favor of extraction kit. Despite these limitations, this study shows the necessity to implement co-testing (VIA/L) associated to HPV assay in low-income countries.
